Spores of Clostridium bifermentans are more sensitive to chlorine, added as sodium hypochlorite, than spores of other clostridia or of BaciZZus subtilis (Dye & Mead, 1972) . Spores of C. bifermentans or B. subtilis, damaged with chlorine, release dipicolinic acid (Dye & Mead, 1972 ; Alderton & Halbrook, 197 I) and may therefore have increased permeability. We have isolated mutants of C. bgerrnentans which germinate more slowly than the parent strain, possibly because of reduced permeability to germinants . In view of these findings and the frequent use of chlorine as a disinfectant, we examined the effect of hypochlorite on the germination of mutant and parent spores.
METHODS
The parent strain of Clostridium bifermentans, the mutants derived from it and the preparation of spores were as described by . For treatment with hypochlorite, a suspension containing about 3-5 mg dry wt spores was centrifuged at I 5 ooo g for 10 min and the spore pellet resuspended in 5 ml of a solution of IOO pg sodium hypochlorite/ ml (B.D.H. Ltd, Poole) containing 50pg free chlorine. The suspension was incubated for 10 min at o "C and centrifuged at 35 ooo g for 3 min, and the spores were washed once in 10 ml glass-distilled water and stored at 4 "C and then resuspended in 15 ml glass-distilled water and stored at o "C until required for measurement of germination rates.
Free chlorine was measured by the Palin method (Palin, 1957) using DPD tablets (B.D.H. Ltd), the extinction being read at 553 nm.
Germination rates were measured at 37 "C either spectrophotometrically or microscopically as described by . Results are expressed as the maximum rate of decrease in Esoo calculated as a percentage of the initial extinction. The microscopic method was used when the germination rate was less than 0.4 and the rates calculated as described by . Germination was in NaCl (100 mM) and organic germinants as described. Germinant concentrations were (mM) : L-alanine (Ala), 50; L-arginine (Arg), 5 ; L-phenylalanine (Phe), 5; L-lactate, 2 5 ; and glycine (Gly), 50. In addition all the germinant mixtures contained sodium phosphate (83 mM), pH 8.0 (with Ala), pH 6.25 (with Gly + Arg + Phe + L-lactate), or pH 7.5 (with all the other germinant mixtures).
RESULTS

Egect of hypochlorite on germination.
The germination rate of spores of the wild-type was generally decreased slightly by pre-incubation at o "C with hypochlorite containing 10 pg free chlorinelml, although the rate with L-alanine alone was almost doubled ( Table I) .
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Short communication However, with four out of six of the germinant systems the rates of the mutants were increased by up to 3500 times and in some cases approached those of the wild-type. The greater increases generally occurred with germination systems containing Ala + Arg + Phe or Ala + Arg + L-lactate, and increases were small or absent when germination was with Gly + Arg + Phe + L-lactate. The presence of 100 or 250 mM-sodium phosphate (pH 7.0) during incubation with hypochlorite did not alter the effect on germination rates although the pH at the beginning of the incubation was dependent on the concentration of buffer. During the incubation the pH changed from 8.0 to 7-3 (unbuffered), 6-8 to 6.3 (100 mM) or remained at 6.8 (250 mM). The concentration of free chlorine decreased during the incubation from 10 ,ug/ml to less than 5 ,ug/ml.
DISCUSSION
Incubation with a solution of sodium hypochlorite increased the germination rate of spores of mutants of Clostridium bifermentans by up to 3500-fold and in some cases to about that of the wild-type. An iodophor increased colony formation by spores of Bacillus subtilis (Cousins & Allan, 1967) and the oxidizing agent, sodium perborate, increased the germination rate of spores of B. cereus (Cochran & Ordal, 1973) . We have found that hypochlorite treatment results in about a 60 yo decrease in viable spores and Dye & Mead (1972) reported that similar concentrations of free chlorine rapidly killed spores of C . bifermentans. Previously we have produced more uniform and slightly greater increases in germination rate by treatment of spores of the mutants with 0.1 M-sodium hydroxide at 4 "C. Such treatment removes protein (Wyatt & Waites, 1g71) , possibly from the spore coat, and may increase the permeability of the spores to germinants (Waites, Wyatt & Arthur, 1972) . Hypochlorite may act in a similar way, and this would explain the release of dipicolinic acid after chlorine treatment (Alderton & Halbrook, 1971; Dye & Mead, 1972) .
The efficiency of chlorinating agents as disinfectants may be due, in part, to stimulation of spore germination followed by inactivation of the germinated spore.
The germination rates of the wild-type were slightly decreased by the hypochlorite in contrast to the effect on the mutants. We have found that the wild-type is more sensitive
